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AB - Method for the culture of hematopoietic stem cells (HSC) (such as 

human umbilical or peripheral HSC) of phenotype CD34+ c-klt-, consists 
of culture in liq:uid medium in a cell-adhesive culture vessel in the 
presence of HSC growth factors (especially colony stimulating factors) 
such as flt-3 ligand (FL), interleukin-6^ interleukin-7 and CD34xL* 
The culture vessel is preferably a polystyrene vessel with the culture 
surface treated to strengthen its cell-adhesive properties. The 
preferred culture medium is alpha -MEM or IMStS medium containing 2.0% 
bovine fetal serum (FBS) and 10% equine serum, and containing 100 
ng/ml FL, 10 ng/ml interleukin-6, 10 ng/ml interleukin-7 and 10 mu 
g/ml immobilised anti-CD34 antibody. 

The culture is carried out preferably at 37 [deg]C under 5^ carbon 
dioxide . 
- USE : 

The method is used for the effective culture of HSC for which no 
satisfactory culture method has previously been available, to give HSC 
for therapeutic and investigational uses. 
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(54)Tltie: METHOD FOR CULTURING HEMATOPOIETIC STEM CELLS 



(57) Abstract 

A novel liquid culture techaique for hematopoietic stem cells for which no effective culture technique has hitherto been established. A 
method for culturing hematopoietic stem cells, cKaracterized by subjecting human hematopoietic stem cells, with the phenotype thereof 
being characterized as CD34* and c-kif , to liquid culturing in the presence of a hematopoietic stem cell growth factor in an adhesive 
incubator; and hematopoietic stem cells which are useful for clinical applications and studies and are propagated and harvested by the above 
method. 
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u ck 9 i 1^ ❖ t> ti T So i)^ ^ :^ iz X X. m^. 

t. h (D 7^ Sk^m ^i::m L X it. ^?SSiUTCD3 4"C 

m m M K m m -t ?> o X it tii.^ H)-^ t ^ ^ «=>nTi>So 

5 fz stem cell factor ( S C F ) CD l^.-fe — 

^^•-SCDl 17 (c-kit) ^^JU^-^-JVt-t^i^^-^ 
^ mi^^tz. ^ iZM-r ^ in vivom *J (,^ T. C D 3 4 " 

c-kit'""' ifflflS;??^. ^ m.^ t"^ fs. ':it m m. X h ^ t m ^ 

fix 

10 —-is. #fl X h o - -V ^ IS ^ ^ (,^ in vitro^m^^ 

M^\Z^^^X. CD 3 4"c-kit'°" mm ^ ^ feCD 3 4" 

c-kit" muoiji}^-. X ^miz^m'^mx h ^ t <D^^ 
^ fis.m m u \z. iy X . m mt<-mm\zff 

15 T^cC *5 ti T o S c U 7{)^ L T'i: €> . ^ m.^ U it Y ± - \z M -t 

^ ^^W'(Dm^ <Dm.mib^h zn\zm\^x. 

m isL^ m M ^ fz it m ^ isL^ m m (D m u it. ^^izm^^ 

X -7 fi m ^ s o 
ip-^^ M^mmcD^mit. a^r y x. u ~ x iz 

nmm^-t ^ < > ^ # tfe s Ji ^ ^ ® i> B 

^ r M^i'sr T s i:^ 
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5 tl ^ m^:^^ ih mm ^ tl ^ ^ <D -V ^ ^ fz K^- (donor) 

c: t i)^ i> nm m ry 4 ju ^ CD ^ m (D M m t) m t ^ ^ 

f^<-. # S ^ CD G V H D ( graft" versus-host disease) 
c «9 < - ^ O ^ij 75-< * ^ o 

{i. a ifa if^ ^ © S « M S -ffi S ^ m -ii » iM ^ 

© ffi ^ S ^ f § IS ^ & i b T. m^t^^M.^ 

15 mmo ex vx vom MmcDmmom^^7b^m^-^tix:i3 
<./bmm.i& : mmn^ 30^3 -^^ p 315-320 c 1994)- ) > 

'm^tS-m^:b^ff-^Sit>tiXi^^^o L if^ L tl Tb-^ ih . m.^.x ^ 

20 ^ mm it^ ti ^ icm. r> X t£ i^-^o 

# {C X h P - T M JIS * ffl 1^ ^0 tl T l.^ S 
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^ W \^ M tk ^ %\\ U \^ X ^ fz it Jfll # M flS CD g B m 

® fiJ ^ ffi ^ 51 &«j 3i -fb -r -5 C i . M IS 1^ K -e 

10 #J 3^j:f=>-r> 3»'^5T•f&i^0M*^t»t5^CD5g3Jt 

fiti ^j: si fe-tt^m> <S: -< X CD J; 9 

# ® 5® 5* ® ^ M ffi 26 T Sl(,> m *f L T> ft^ 
15 5a m :^>^' 19 # -r- § s :: i:. m © m o t t> # ® 

b T {C ^ m -y: T I > 5 o 

itfe-? fw cfc S I) if i^t- S ^' ;5 9 <fc 19 ^ ^ n 5o 
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n T t/^ 5o 

ib^ tzmiknm^(D ex vi vom m^omm. Mwmizit. 
5 ^ m R M B ^ m m is i,^ X m m -^^ M sk^ m m =^ m M 

^ m (D m ^ 

c-kit- 1 Lx '-^m-is i-f n ^ m^^MK cin^it 

mm-t^^tK^-oxnihti^mmmi^i^. ^ ^ ^ si 

mskmi^^it-t ^ mt] ^^i^ Lx ^ c t ^ ^tii c 

20 ^!i^Witir^itik^ms^(D^My3^x^^o 
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m 1 it. h h iki)^ C D 3 4 -7 ;U f- V - h ^ >y 
5 h ^ m ^^fz-^^ ii ~ Xmi:::^^ h^xmnMtK (positive 
selection) LXn^tifc. CD3 4^mM^m^. FI 
T cm^ijiC D 3 4 ^ 5Xlim#SO'P E mWitfic-kit 

^ ^ i:i ^ z. m m L fc y< ^ - y im 1 c). r-r 

10 gG 1S:C>"PE«^V'^7X I gG IXUmP^-^Lfz^^^ 

- > ( 0 1 ff. B ) . Rrimy^'Wc'si ( F s c ) Rv^myj 
tfcSL (ssc) cD^^°^-> (gii^. A) ^^-rs-e* 

H 2 l^ T. B * Jfe 1 *D F A C S t 

15 a r X' V - > ^' L fz C D 3 4 "-c-kit-mB. ( R 2 ) . 

C D 8 4 ^c-kit ' "^mmCR 3 ) RV^ C D 3 4 ^c-kit*-"^" 

ifflM (R4) ^mm(D s-Kmm mmHmn-:^]^- 
h ±x 2 4 mmm^ tz^^^ F I T c mmtfi c D B 4 ^ 

5 X iiim^^ p E ^li^ijLc-kitis^^^-e^'fe FAC 

20 S c a n^^(/^T^#^0lffllS{Cfc{t^CD 3 4 R 

FACS t a r-tfCDV-T-^ ^-^'^^Mltj^^lHJiSOC 
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D 3 4 (hc-kitcD^JS/N^^-y^^-To 

n 3 ii. mmmii^^i^^x^ c d s 4 "c-kit-^BJia^. 

c-kit^ ^ (D ^mvtm ^ m tz m ^ =^ ^-t mx 6o m s 
5 "t- ( A ) ^ i?p ^ M> c B :) It F L mm. ( o it i 
L-6)^jn-> (D) umm^tifi c D 3 4m.i^^mi^^fzcD 

3 4 ^S-^CDSS^S ( C D 3 4 X L : CD34 cros s - 1 ink ing ) ^ 
(E) iiFL+IL--6!gs*P. (F) {iFL+IL-6 + 
1 L - 7 mm. (G) {i:FL+IL-6+IL-7+CD3 

10 4 X L^jpcDM^^^n-en^-ro 

C D 3 4 ^c-kit-MJ3S^^#L}t#-^{C4bMt^c-kit:^^ 

D 3 4 "c-kit-|ffiflS^?^^lfflS^:^-#M :^ - h T:^^© 
15 ;?^^ffi^<^T^^ILfc:*^m^> B{i|^yU'-h4'-eFL# 
^ftTTr^ftU/^Mm^^i-o 04'C{*CD 3 4 "c-krt-^ 
iS^^o U y ^ - y ^ X F L#;i£TT'^«L/cfe 
<£r ^ t*o 



20 i^gjoD^M-r^,/cfeg)#^cDj^M 
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iomm. mil im^t) -t^ctTb^-v^^o mnt-r^m: 

^ cfc 0 ^j: ^ C i T t -5 o ^ © # IS o T {i. m 

1^ -t ^ mm m i:: m ^ ^ ti ^ o 

tsi <. m^-A-^'hJ:.<^u^tixi,^^<^m(D=it3 — -mmm 

^ ( colony-stimulating factor : CSF) ^ ^ ff ^> tl 

15 C f 1 t - 3 U > K ( flt-3 ligand : F L ) . -< > ^ 
- a 4 ^ y - Q ( interleukin-6 : I L - 6 ) ^ ] > 
fiSH-T- (stem cell factor: SCF) izMLX^mf^m 
^ :^ t" > ^ — P ^ > - 7 ( interleukin-7 : IL-7)> 
C D 3 4 ^ ^ <D mm CUT. CD34xL<tO-5) 

20 m^-t ^ Z t Tb^X ^ 

Lx ^ o mm ±iz Lx i.^ ^ cd s 
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r C D 3 4 X L J ^ n d fz ib It. PS ^ {i ^ n 
ii t> g| *i -fb t tJt C D 3 4 in: # ffl t.^ ^> n ^ o 

/c U # W © ^ ® T C ^ PS <9 . # PM $ n J'ci: t.^ Iff 3® 
U x^uymcDmn^Tb^^if^tL^o ck D 0 

5i $ -It ^ M s ^ ® jr M ^ n ^ fl -r- * ^ o 

m^mm i:: m <^ ti ^ t L X it. itmmi^it. m 

•^X-d'a— MEM (a -Minimum Essential Medium) ^ ^ 
15 X:i7BS[i^r-/l''<>y ( I MDM) ^cDji^fj:^:«fe 

S) ^ O' i& 'ft V jfiL ?t (horse serum) ^ tl 1 0 

m t bX. M X. If f 1 t - 3 y > F ( f lt-3 ligand) 
20 1 0 0 ng/mls ^>^-P-r^>-6 10 ng/ml. ^ :x 
-j,-_P^^y_7 10 ng/mU ^ fz it m mt V fz tn. C D 
3 4ln;#: (1 0 fi g / m 1 (D mS.X U - \> icm^^tb 
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1 0 

■r tl i> C D 3 4^14 (CDS 4+) ^^ts CDl 1 7 

(jiZT> c-kiti: t,^ ) ^ -7- (D ^mmmi)^mis^ib-^ M ^■'^ 

14 (high) ^ 26 ti 5 i (.^ -5 #^ * W -r t> 

10 ©fflia (c-kif ""^^jia) (high) cdmis 

( c-kif ^''Iffl as ) P U T {i. $ t> E p o ^ r L - 3 . 
GM-CSF^ G-CSF, SCF^O^^ST-C. ^ Sk^ 



20 S c ti e> CD ^ Ife cfc o T T^j; ^ "S* PS ^ ^ 
tl S % CD -C.{i /<£ ((■>o. 
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1. ^M^mm. CCDS 4^c-kit-) (D^m 
( 1 ) umRzj^ifm 

5 7^>fT *^e>®PF^JflL^. ACD-A?S(i?alVm:^hU 
ry A 2. 2 0w/v%, :J^^>^0. 8 0w/v%, :7-K^*i 

2. 2 0 w/v%^ p H 4. 5 — 5. 5 : Terumo, Shibuya 
Tokyo. Japan) i)^ 6 m 1 K fz 5 Om 1 ^ M. "f- :ol — Zf iZ 

b fZo :itliC2%7^'^Xh^y^m C Dextran 
10 T-500 (Pharmacia, Uppsala, Sweden) ^2% (w/v) (D 

^ra^BL. ±?ff^JII^JflW^Jfll^ (Cord Blood 
Nuclear Cells : CBNC) t UTOiRL/^io 

15 C CD ^ M ^ Lymphoprep ( Nycomed, Oslo, Norway) iZ 
mm 2 0 0 0 rpm-C 3 0 ^ PbIJ^ f S C i: cfc 0 ^ 
JD&L # ^ pf ^ (Cord Blood Mononuclear Cells: CBMNC) 

S tC^ C D 3 4 -7 ;P 5^ y - h 4^ y h ( CD34 multisort 
20 kit : Miltenyi Biotec, Bergisch Gladbach, Germany) 
^ ?>* ^ — "7 X (MiniMACS : Miltenyi Biotec, 

Miltenyi Biotec, Bergisch Gladbach, Germany) ^ ffl 
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T c D 3 4 ^mm^mm u^o 

c:©CD34*^)3§^FITC ( fluorescein 
isothiocyanate) W.mtA.CD3 4.^^>^llim.i^ ( HPCA2 
:Cat. No. 348053, Becton Dickenson I ramunocy tomet ry 
5 Systins, San Jose. CA, USA);?^ 0^ P E (Phycoerythrin) 
^ fit c-kitjn; (Cat. No. 1 360. I mmunotech, 
Merseile, France) ffi T ~ B ^ -fe ^l^-^'FAC 
Star (Becton Dickenson I mmunocy tomet ry Systems. 
San Jose, CA, USA) ^ ^,^ T V — 7^ -Y > ^" i. fZo 
10 tfc. T-rv^^:^M'^n>hn-;Ui:LTFrTC 
X I g G 1 (Cat. No. 9041, Becton Dickenson 
I mmunocytometry Systems, San Jose, CA, USA) R P 
E M X I g G 1 (Cat. No. 9043, Becton 

Dickenson I mmunocy toraetry Systems, San Jose, CA, 

15 USA) ^m^^fzo 

±mmmM^ ^ ^ ^ - ^-^^ ( Methocult 

GF H4434V, Stemcell technoloies Inc. , Vancouver, 
BC. Canada) ICSMUT. ^ (D 0 . ^ xn \ r:> ^ I 2 ^ 
20 ;l/ y b — h (Cat. No. 76-063-05, Flow Laboratories 
Inc. , McLean, USA) if m U 3 7 "C. 5 % C 0 2© 

C O 2-^ y ^ ^ ^- - (Tabai, Japan) ^IZ-Zim 
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1 3 

m ^ n fx fzo 1 4 B ^ {c #j At SI « T {w *j T 3 o j=- 

~ ^ m RV^ Ml BFU-E (Burst-forming unit- 
erythroid) C F U -G M (Colony-forming unit- 
granulocy te/macrophage) ^ C F U -M (Colony-forming 
5 unit-macrophage) ^ C F U - G E M M (Colony- 
forming uni t -granulocyte/ erythroid/megakaryocyte/ 
macrophage) ^ M L /So 

^m^it 4 mn t£ i'^. i^^it^i^ (Mean) ±mmmm 

( S E ) t b X ib fzo 
10 ( 2 ) 

^^^m 1 ^ -To 

n/w. CD34^lffiB^^®OFSC (Btj>5-tS:SL) -SSC 
15 (^BiJjS'fScSL) - V^^-To Ctl/{>^t>> blast gate 

(Rl) ^^^{tfcmH!®FITC-PE/^"j5^->^al 
CO B ^ {>- C {C ^-To :R#:fitJ{C{^. EI 1 4" C {i:. FITC 
•^I^JJlCD 3 4 ^^Xlllfit^^O^'P E ^i^tJfcc-kitJn:^ 

20 :3>hn-;p-e^^F I TC^SSv'^Xl g G I RZ/ F 
E m^-r ^ X I g G l-eziS^'felyfcj^m^^l'o 
iil(Z)C4'> R2. R8^(>'R4{i^tl^"nCD34* 



wo 98/21313 



PCT/JP97/03797 



I 4 

c-kit% C D 3 4 "c-kit'-^^iO'C D 3 4 *c-kit''"'"<^V 
CD3 4^'Si|fflfla(CD3 4"taJia)09-6.N PE^f^ 

( C D 3 4 ^c-kit-:^ ® ) i: ^-^ t- ^ ^ M M (D it i^k 

m ^ K> L^^^n^ ^ V c-\i.XMm^} (CD34" 
c-klt ' ® ) i fzc-\.iffy^m h'^t^-^mmW^ Tf^-t 

rc-kit5t ^ J (CD 3 4 "c-kit'' "''^H ) 

10 .tUT. ^n-eny-N^^bfco 

Lfz^ti^tl(Dmm=^V--f-4 > ^' ^ It e> tl ^ ® 
<£-i^=fi|{C|S:^$:tlfcFACScan ( Becton Dickinson 
I mmunocy toinetry Systems : SanJose, CA, USA) ^ M X 
15 ^mmLtzmm. C D 3 4 ^c-kit-iJ>®. CD3 4* 

c-kit'""^® ^ CN* C D 3 4 ^c-kit"' "':^]if :te C> - ^ 
^ il © Iffl JiS t> ti T t> 5 i K M ^ tL /Co 

20 ^W^^T-:>/Co Jg^^^lf-^t"o 
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1 5 

< m I > 



5 



US 3g 




BFU-E 


CFU-GM+CFU-M 


CFU-GEMM 


C D 3 4 *c-kit- 


3. 5 ± 1. 1 


14. 0± 1. 5 


0. 0 + 0. 0 


CD 3 4 *c-kif' 


10. 1 ± 2. 0 


2 1. 5 ± 1 . 0 


0. 7±0. 2 


CD 3 4*c-kit''""' 


12. 0 ± 1. 0 


34. 6±2. 5 


1. 1 ±0. 2 



15 tt-eS>S^W^ o * 0 C D 3 4 ^c-kit-^® 3 o - 
tB ^ ^ L C^ d t ^ $ n /io 

( 1 ) nnty3m 

20 »^n3tCD3 4^c-kit-^il. CD3 4^c-kit'°"^ 
MRU C D 3 4 ^c-kit' ""^M^^n^'tl^ 10%|^^N 
# -ft F B S (Stemcell Technology Inc., Vancouver, BC, 
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Canada) R I 0 %m^^m<t^ T Mm (HoS : Stem 
cell Technology Inc., Vancouver, BC, Canada) ^ ts 
a -M E M (Gibco, Grand Island, NY, USA) iZMML^ 

mmn mn.(D 2 4: ^ u - ccat. no. 76-063-05. 

5 Flow Laboratories Inc., McLean, USA) IZ^ML^fZo 

Cat. No. MS- 8024R, Sumitomo Bankelite Co. , Ltd. , Tokyo, 
Japan) ^ it ^ i^ 'J ^ - ^ It ^ -i^ U :/ o t° U > 

10 ^1. 7m 1 ^ ^ — y (GENE twist top vial; Cat. No, 
1441, Yashima Purechemica I s Co. , Ltd. , Osaka, Japan) 

%COz(D^#TT\ COz-fy^^^— - (Tabai, 
15 Japan) iCX tio 

h b F L (recombinant human flt-3 ligand, rhFL : 
Cat. No. 80-3692-01, Genzyme, Cambrige, MA, USA) 
7ffl^X.t h I L-6 (recombinant human IL-6, rhIL-6: 
20 Cat. No. 1131567, Boehlinger Mannheim Biomedica, 
Germany) ^ M ^ X. h h I L-7 (recombinant 
human IL-7, rhIL-7 : Cat. No. Fl-1587-1, Genzyme, 
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Cambrige. MA, VSA) m O 4 h :^ ^ > ^ m fZo 

iJi;CD34^5X llimi^ (Cat. No. 550018, Becton 
Dickinson I mmunocy tome try Systems, SanJose, CA, 
USA) ^1 0 fi g/m 1 cDmS<t/x^J;9{::PB S(-)T 
5 ^IRb. 2 4 ^ X. Jl •:f U - h 3 0 0 u 1 m M L tzo 

3 7 XT 6 0 y ^ ^ ^ - h ^ m m ^ m i^-^ 

tz'^^ a-MEMClO^FBS+lO^HoS^-^^) 
LT. 3 7 =C T- 3 0 ^ fal :7' n 4^ > V b /^o 
^(,^T% PBS (0. L^FBS-^^) 7?i§-'>ji;U^ 
10 3IlI^^LrmCD 3 4in:#:<&@^i<bb/c:^«^:/l^- 

-eCD 3 A m^^^^^^-t ^ t iZ ^ ^ CD 3 4 

ffl Jl^ {i. ?S ^(4^ # ^ t° ^ T- ^ > ^"mr?IC J;: ^ 2 4 ry 

(Methocult GF H4434V, Steracell technoloies" 
Inc., Vancouver, BC, Canada) iZ M M L X ^ 0. 8ml 
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